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Riverdale, New York-USA-10471 
PaperNo. 4.60 
ABSTRACT 
A procedure to evaluate seismic liquefaction potential based on ground response analysis and in-situ characteristics of the soil 
deposits is developed. This procedure uses the correlation between the Standard Penetration Test (SPT) Nfio blow-counts, and the 
shear wave velocities to establish Shear Wave Velocity (SWV) profiles. The SWV profiles along with soil properties from the 
subswface investigation, and the design earthquake time history are then used to perform seismic response analysis for the stratified 
soil deposits. Cyclic Stress Ratio (CSR) profiles are determined from maximum earthquake induced shear stress profiles, based on 
seismic response analysis, and effective overburden pressures. . The CSR profiles are then used to determine SPT N(1)60 blow- 
counts profiles, normalized to 1 ton/& effective overburden pressures. Correlations between SPT N(~)Go values and peak 
ground acceleration at sites, which have and have not liquefied in previous earthquakes are used to develop the SPT 
N(l)fio profiles. These profiles characterize a boundary between potentially hquefiable and non-hquefiable saturated 
granular soil layers during a design earthquake. Fitdly, the normalized SPT N(1)60 are corrected for the actual in-situ 
effective overburden pressures to determine SPT NGO screening profiles. These screening profiles can be directly 
compared to the SPT NGO blow-counts per foot measured in the subsurface investigation for each individual boring-log to 
determine the presence of Lzquefiable and non-liquefiable saturated granular soil layers. 
This procedure is used to evaluate the seismic liquefaction potential at the John F. Kennedy (JFK) International Airport Light Rail 
System (LRS) project. Separate liquefaction analysis for each of the four sections of the project was performed. The average 
ground surface, ground water level elevations and soil profiles for these areas were determined based on the borings 
from the subsurface investigation. The drilling and sampling results were conducted to obtain (SPT) N60 values 
corresponding to a sampling hammer energy equivalent to 60% of that of a free fall. In the early stages of the 
investigation, each driller and drill rig was c&%rated so that N ~ o  values could be determined. 
To evaluate the procedure, comparisons with seismic liquefaction assessment based on Cone Penetrometer Tests (GpT’s) 
were perfonned and compared to that of the SPT’s. Also comparisons between the shear wave velocities predicted from 
the SPT Nfio values, from the subsurface investigation program, and the in-situ shear wave velocities measured during Crosshole 
Seismic Testing are presented. These comparisons validate the Seismic Liquefaction Assessment procedure based on SPT’s. 
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INTRODUCTION for various sections of the JFK LRS project site are presented. 
Site specific liquefaction potential are evaluated by comparing 
This paper presents the procedure used to develop the SPT N60 from each boring log with the corresponding 
liquefaction potential assessment diagrams based on Ground liquefaction potential screening diagram for the project 
Response Analysis and the in-situ SPT blow count data. This section where the boring is located. 
procedure is used to characterize the seismic response of the 
soil at the JFK LRS project site and its potential for The procedure for seismic liquefaction assessment includes 
liquefaction. The screening liquefaction assessment diagrams the selection of a design soil profile for each section of the 
_ _ ~  _ _ _ ~  
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JFK LRS project. The design profile for liquefaction 
assessment includes ground surface elevation, ground water 
level, soil stratification, and the soil parameters. One design 
profile is developed for each section of the JFK LRS project 
based on current subsurface investigation programs at the 
JFIC Airport site by The Port Authority of New York & New 
Jersey (PANYWq (1 997). 
Ground Response Analyses are performed using SHAKE91 
with the design earthquake at the JFK ERS project site, and 
the design parameters for each soil profile to calculate the 
maximum earthquake induced shear stress distribution for 
that profile. Then CSR profile is determined from the 
calculated maximum shear stresses and effective overburden 
pressures. The SPT blow count per foot, N(1)60, normalized to 
1.0 ton/& effective overburden pressures, at the boundary 
between liquefaction and no-liquefaction potential are 
developed for the profile using, Seed, and De Alba (1986), 
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Fig. I :  Correlation between CSR Causing Liquefaction in the 
Field and SPT N Values, for 7.5 Magnitude Earthquake. 
At this point two corrections for the SPT blow counts per foot 
are needed, the first correction is for the actual design 
earthquake at the JFK LRS project site, and the second 
correction is for the actual in-situ effective overburden 
pressure. To correct these SPT blow counts per foot for the 
5.75 magnitude design earthquake for the JFK LRS project 
PANYMJ (1998), a Magnitude Scaling Factor (MSF) for the 
design earthquake is determined using, Idriss (1996), and the 
PANYMJ (1998). The design earthquake was developed by 
the Port Authority’s engineering department working with 
Prof. Idriss as part of a regional evaluation of the seismic 
hazard for the Authority’s numerous transportation facilities. 
Finally, a profile of the SPT blow counts per foot corrected for 
the actual in-situ effective overburden pressure is developed 
for each section of the project site. These diagrams represent 
the boundary between liquefaction and no-liquefaction for 
factors of safety of 1.0 and 1.2, and are compared with 
individual boring logs to judge the presence of liquefiable and 
non-liquefiable soil at each boring location. 
To assess liquefaction: potential based on SPT’s, correlations 
between CFT cone penetration resistance, and the SPT blow 
counts per foot, Lunne, T., et al. (1997), are used to predict 
the equivalent SPT N ~ o  at the CFT location. Then seismic 
liquefaction assessment based on CPT results are performed 
by comparing the correlated Nfi0 from the CPT tests with the 
corresponding N60 values from the closest boring log, and 
seismic liquefaction assessment diagram developed from SPT 
data at the section of the project where CPT tests were 
preformed. 
In conclusion, a summary of locations, elevations, and 
thickness of potentially liquefiable soil at the JFK LRS project 
site is obtained. 
METHODOLOGY AND PROCEDURES 
Design Soil Profile for Seismic Liquefaction Assessment: 
The first step in developing a typical liquefaction potential 
assessment diagram for each selected area is to determine the 
ground surface and ground water level elevations, unit weight 
of the soil and mean shear wave velocity for a profile judged 
to be typical of the selected area. Boring logs from current 
and previous subsurface investigations in the JFJC Airport site 
are used to establish the mean value for each site parameter. 
For the seismic liquefaction assessment the mean values of 
the parameters are considered. 
For example, at each typical section the evaluation of the 
shear wave velocity profile to be used as input in SHAKE9 1 is 
achieved using the mean SFT N60 values from all available 
boring logs in the project area represented by the section. For 
the purposes of liquefaction analyses the JFK LRS project is 
divided into four sections as follows: 
1. Howard Beach (HB) & Operation Maintenance and 
Storage Facility (OMSF), 
2. Federal Circle I Throat (FC), 
3. Central Terminal Area (CTA), 
4. Jamaica Station I Van Wyck Expressway (9. 
In-Situ SFT Energy Measurements: 
The SPT energy measurements were made to verify the 
consistency of the hammer energy delivered to the top of the 
sampler of each drill rig for use in foundation design and 
liquefaction correlations, Pile Mechanics Iiic. (1998). 
A total of eight drill rigs and crews were measured for energy 
-- ~ 
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transfer using a Pile Driving Analyzer (PDA) during actual 
sampling. N60 is the standardized N value representing the 
numerical average of the percent efficiency’ historically 
documented for the SPT N values used in seismic liquefaction 
assessment. The PDA measurements indicate that the drill 
rigs used in the JFK LRS investigation transfer, on average, 
between 57% and 65% of the theoretical SFT potential 
energy. This is considered to be within the acceptable limit 
for N60,. Therefore, N values obtained from sampling with 
these drill rigs were substituted for N60 for seismic 
liquefaction assessment without energy corrections. 
Estimation of Shear Wave Velocities: 
To estimate shear wave velocities the SFT N values are 
averaged over 2.5 feet depth increments of each boring log 
within the upper 100 feet of each design soil profile. The 
mean shear wave velocities are estimated using the 
relationships between shear wave velocity, SFT N values, 
depth, and soil type derived by Sykora (1987). These profiles 
are shown in Fig. 2 for various sections of the JFK LRS 
project: 
0 ( 0 . 1 7 )  @)(O.’) for Clays 
(N)(’.17) (D)(O.’) €or Gravels 
v(.) = 
V,, = 
V = shear wave velocity, Wsec, 
N = Standard Penetration Resistance, blows/ft, 
D = depth below ground surface, M, 
C(cl = 195 for Clays, 
C(gl = 275 for Gravels 
VcS, = (N)(0.17) (D (o.2) for Sands, and (1) 
where: 
= 250 €or Sands, and 
Velocity (Wsec) 
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Fig. 2: Shear Wave Velocity Projles. 
This correlation gives a relatively high estimate of the shear 
wave velocity compared with other correlations cited in the 
literature, for example, Imai and Tonouchi (19S2), Sykora 
and Stokoe (19831, Seed, Idriss, and Arango (19S3), and the 
cross- hole seismic tests performed by the Port Authority at 
the International Arrival Building (IAB), solid line in Fig. 3. 
These high values of the shear wave velocity will in turn 
result in higher values of the cyclic stress ratio. Thus the use 
of Sykora (1 987) in liquefaction assessment analysis is 
conservative. 
Furthermore, to investigate the quality of the predicted shear 
wave velocities based on Sykora (1987) correlations and their 
effect on the calculated maximum shear stresses using 
SHAKE91, shear wave velocities from crosshole seismic 
testing, Hager-Richter (19951, solid line in Fig. 3, are used to 
develop the corresponding Liquefaction Assessment Diagram 
for the International Arrival Building (IAB) . 
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Fig, 3: Shear Wave Velocity @om Crosshole, Huger-Richter 
(1995). 
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Fig. 4: Liquefaction Assessment Diagram. 
In Fig. 4 the solid line shows the Liquefaction Assessment 
Diagram obtained using shear wave velocities computed by 
-- 
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the function of SPT blow count and Depth, §ykora (1987), 
Equation (l), and the dashed line shows the Liquefaction 
Assessment Diagram obtained using the measured shear wave 
velocities from crosshole seismic testing, Hager-Richter 
(1995). From the figure it is clear that to Elevation -10. a 
depth of 35 feet below the ground d a c e  the two diagrams 
are essentially identical. Below 35 feet from the ground 
surface, the diagram based on the average SPT N-values and 
the corresponding shear wave velocities from Sykora (1987) 
is more conservative than the diagram based 011 the shear 
wave velocities from crosshole seismic testing, Hager-Richter 
(1995). Therefore shear wave velocities computed by the 
function of Standard Penetration blow count and Depth, 
Sykora (1987), were adopted in the development of seismic 
liquefaction assessment diagrams for different sections at the 
JFK LRS project. 
magnitude 5.75 design earthquake, the Magnitude Scaling 
Factor (MSF) for the design earthquake is used, Idriss (1996). 
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Design Seismic Event and Parameters: 
SoiVRock stratigraphy and soil properties below a depth of 
100 feet for site response analyses are taken fiom Table No. 2 
of the Port Authority of New York and New Jersey's, "Design 
Seismic Event and Parameters," (1997). 
The next step in developing the series of typical liquefaction 
potential assessment diagrams is to perform a series of 
SHAKE91 m s  to determine the earthquake-induced 
maximum shear stress profiles in the soil for each of the JFK 
LRS Section, Fig. 4. All SHAKE91 runs are performed using 
the design rock acceleration time history provided by The 
Port Authority of New York & New Jersey (PA) which 
represent a design earthquake magnitude of 5.75 in the 
Richter scale, centered approximately 20 km from the JFIC 
Aqort, Fig, 5. 
Liquefaction Assessment Diagrams: 
The earthquake-induced maximum shear stress profiles 
developed from SHAKE91 and the corresponding effective 
overburden vertical stresses are used to calculate profiles for 




CSR = 0.65 (rmw /o J 
= earthquake induced maximum shear stress, Zmax 
and - 
cr = effective vertical overburden stress. 
The constructed CSR profiles are used to determine the SPT 
N blow counts that define the liquefactiodno-liquefaction 
boundary, N(1)60, for a magnitude 7.5 earthquake and effective 
overburden pressure = 1 toid# , using, CSR vs. N(1)60, 
relationships given in Seed, and De Alba (1986), Fig. 1. 
- 
To correct the values of the SPT Nl(60) blows/ft for a 
Fig. 5: Earthquake-Induced M a .  Shear Stress Projle at 
Federal Circleflhroat. 
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Fig. 6: Design Earthquake Acceleration Time History at the 
JFK Site. 
N(1)60 for ( ~ 4 . 7 5 )  = ( N(1)60 for (M=~.s))  1 MSF (3) 
where: 
N(1)60 for (~=5.75) = the SIT N value in blows/ft for 1.0 ton/ft2 
effective overburden pressure and a design earthquake 
magnitude of 5.75, 
N(1)60 for p 7 . 5 )  = the SPT N value in blows/ft for 1.0 ton/ft2 
effective overburden pressure and an earthquake magnitude of 
7.5 used in the Seed correlation, Fig. 1, and 
MSF = Magnitude Scaling Factor, Idriss (1996), 
MSF = 173 (M) -2.56, where M = 5.75, is the design 
earthquake magnitude. 
Furthermore to correct the values of the SPT N(1)60 blows/ft 
for the actual in-situ effective overburden pressure, the 
following formula, Kramer (1996), is used: 
. ’ N60 for w-5.75) = the SPT N value in blows/lFt for the actual in- 
situ effective overburden pressure in todft’, 
N(1)60 for ~ ~ 5 . 7 5 )  = the SPT N value in blows/ft for 1 .O ton/ft2 
effective overburden pressure, and 
C N =  1.O/ ‘ ~ t o n l f t 2 ’ .  
The computed SPT N60 values in blows/ft defining 
liquefaction versus no liquefaction for the actual in-situ 
effective overburden pressure in todft2 and the 5.75 
magnitude design earthquake, N60 for (h/r=5.75), are then 
plotted versus elevation to develop the liquefaction potential 
assessment diagram judged to be representative of each 
section of the JFK LRS project site. The computed SPT N60 
values are compared with the SPT N60 values measured 
during borings to determine liquefaction potential. A sample 
of these diagrams is shown in Fig. 7. 
W,,,, (blowatit.) 













Fig. 7: Jamaica Station / Van Wyck Expressway Liquefaction 
Assessment Diagram. 
RESULTS OF THE ANALYSES 
Liquefaction potential at the location of each boring log is 
evaluated by comparing the typical liquefaction assessment 
diagram, for example Fig. 7 for the Jamaica Station / Van 
Wyck Expressway Section, to the corrected SPT N60 blow 
count versus elevation at each section of the JFK LRS project 
site. 
Assessment of Liquefaction Potential: 
The field SPT blow counts from the subsurface investigation 
N60 are plotted on the appropriate liquefaction potential 
assessment diagram. Liquefaction potential is judged from the 
relationship between the field SPT blow counts NG0 and the 
liquefactiodno4iquefaction zones, for example Fig. 7, on the 
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liquefaction assessment diagram developed for each section at 
the JFK LRS site. 
Liquefaction will develop only for saturated granular soils 
below the ground water level. Organic clay layers will not 
liquefy because of its high plasticity. Peat will not liquefy 
because of the porous nature of vegetation component, which 
will prevent the buildup of poor water pressure through the 
dissipation of excess poor water pressure. 
The liquefaction assessment diagrams are developed for clean 
sand with fine contents < 5% which are generally typical of 
the glacial outwash sands at the JFK Airport site. Soils with 
higher fine contents will be less susceptible to liquefaction. 
Seismic Liquefaction Assessment Based on Cone 
Penetrometer Tests: 
The Cone Penetrometer Test (CPT) can be used to determine 
subsurface stratigraphy, to estimate geotechnical parameters, 
and, to provide results for direct geotechnical analysis 
including seismic liquefaction assessment. Since there is 
extensive experience with design methods based on SPT data, 
reliable CPT/SPT correlations can provide additional data for 
use in seismic liquefaction assessment. 
A review of available CPT/SPT correlations was summarized 
in Lunne, T. et al. (1997). The authors recommended using 
CPT/SPT correlation in terms of (qJp a) iNG0 based on mean 
particle grain size, which can be presented in terms of SPT. 
In this correlation, values of cone resistance qc are made 
dimensionless using atmospheric pressure pa . 
N l l o )  (blow5111 ) 
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Fig. 8: Comparison of Correlated N ~ o  Values from CPT with 
the N60 Values from SPT. 
Comparison of correlated N60 values from CPT tests, and the 
N60 values from SPT boring closest to. the CPT show 
agreement in trend with a slight difference in values, as 
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shown in Fig. 8. This in turn validates the liquefaction 
assessment procedure based on SPT N values developed in 
this research. 
DISCUSSION OF THE RESULTS 
The series of liquefaction assessment diagrams developed in 
this paper are based on boring data at the JFK LRS project 
from the current and previous subsurface investigations. 
Comparison between the SPT N60 fi-om each boring and the 
screening diagrams for each section of the JFK LRS are used 
to assess liquefaction potential at the boring location. In 
these Diagrams the thickness of Fill, Organic Clay, and 
Glacial Sand layers for each boring are shown, along with the 
ground water level. Possible local liquefaction is judged to 
occur if the SPT N value for that layer plots at a lower value 
than the screening diagram for a factor of safety equal to 1 .O, 
provided that this layer is located below ground water level, 
and it predominantly consists of granular material. 
CONCLUSIONS AND RECOMMENDATIONS 
Response of the proposed stmcture foundations during an 
earthquake depends on the characteristics of the ground 
motion, soil properties, and the type of foundation. This 
paper examines the procedure developed and implemented to 
determine the seismic response of the soil at the site of the 
JFK LRS for the assessment of the seismic liquefaction 
potential at all sections of the project site based on the results 
of the SPT. 
An outline of the procedure for the seismic liquefaction 
assessment is presented. This procedure considers the 
variation of soil profile, ground surface, and ground water 
elevations, for all sections of the project site based on data 
from current and previous subsurface investigation boring 
logs. 
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